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INTRODUCTION

The following program is intended mainly for use with isotope-ratio 

data, such as Rb-Sr isochron diagrams, but is general enough in concept to 

be useful for X-Y plotting and linear regression calculation of virtually 

any type of data 0 As given here, the programs were written for a Hewlett- 

Packard model 9831 desktop computer with 12K words of memory and a 9872 

plotter,]^/ and can be readily modified for use with Hewlett-Packard 9830/ 

9862 computers/plotterso The resulting plots can be user scaled to different 

sizes and height/width ratios, and are high enough in drafting quality that 

no difficulty has been experienced in acceptance as camera-ready diagrams by 

scientific journals. 

FEATURES

The plotting program will accept data from both a 50x35 data array 

(Ludwig, 1979) and from keyboard inputo To have the plot boundaries, axis 

ticks, tick labels and axis labels drawn, the user need specify only the X 

and Y limits of the plot, the X and Y labels, and the dimensions of the plot. 

Tick intervals and adjustments for different height/width ratios of the plot 

are made automatically, as are centering and right-justification of the tick 

labelSc Data points may be plotted as keyboard symbols (such as *, X, +, B); 

as open or solid regular polygons with user specified number of sides, (squares, 

triangles, circles, etc.), relative size, and rotational orientation; as

J/ Trade names are for descriptive purposes only, and do not constitute 

endorsement by the U.S., Geological Survey*



crosses or boxes (open or solid) whose X and Y dimensions correspond to 

analytical error; or as open or solid error ellipses^ Once plotted, a least- 

squares regression line may be calculated using a modified York (1969) 

algorithm, which assumes error in both X and Y parameters, and permits weight 

ing of the points according to their analytical errors and error correlations 

(for U-Pb isotope data, see Ludwig, in press) 0 The standard (Model 1) York 

treatment assumes all scatter from a straight line is due to normally- 

distributed analytical error,, If such treatment yields residuals indicating 

less than 30 percent probability of the observed scatter resulting from 

analytical error alone, the best-fit line is recalculated assuming either 

that all the scatter is due to some unknown mechanism yielding a normal dis 

tribution of residuals (Model 2), or assuming that the scatter is due to a 

combination of X and Y analytical error plus an "external" variation in Y 

values (Model 3) 0 Model 2 assumes that nothing is known about the reason for 

the scatter, so all points are weighted equally without regard to analytical 

error. Model 3 is especially useful for isochron diagrams of the Rb-Sr type, 

in that it assumes a variable (and normally distributed) initial'Y value for 

the data points (similar to the Model 3 solution of Mclntyre and others, 1966) 0 

The Model 3 solution of this report also solves for the most probable value 

of the standard deviation of the initial-Y value by forcing the sums of the 

squared residuals to equal N-2 (N = number of data points),,

Once a Yorkfit line has been calculated, the user may have an isochron 

age and associated uncertainties calculated, for any isotope ratio including 

207p b/ 204 pb_206p b/ 204p b8

To simplify preparation of camera-ready plots, a lettering sub-routine 

is included that permits lettering of phrases anywhere on the plot with letters 

of arbitrary size, slant, and line rotation.



Special features of these programs are that,

(a) The user may scale the plot to arbitrary dimensions (e.g.

10 in 0 high by 2 in, wide, 2 in 0 high by 14 in 0 wide) without 

distortion of letters or symbols.

(b) Tick labels are automatically centered (along the X axis), right- 

justified (along the Y axis) and lettered with a constant number 

of digits to the right of the decimal point 0

(c) Keyboard data-input is extremely simple, with automatic accep 

tance of either X and Y values only, X and Y values with errors 

and error-correlations (required for error-ellipse plotting and 

Yorkfit input, or X and Y values with both errors and error- 

correlations o

Sample plots are shown in figures 1-3 0 Instructions for running the 

program are printed in appendix l u

The program is structured into four segments occupying four files on 

the standard Hewlett-Packard data cartridge. Part 1 (appendix II) draws the 

basic plot box, with tick and axis labels; Part 2 (appendix III) acquires 

and plots the data, letters phrases, and calculates isochron ages; Part 3 

(appendix IV) is the modified York (1969) algorithm for calculating best-fit 

lines; Part 4 (appendix V) contains instructions for the program. The file 

locations of these segments must be specified in lines 120-190 of Part 1.

The program can be copied onto blank data cartridges if the appropriate 

cartridge is supplied to the author, Box 25046, Denver, CO 80225. Simpler 

versions requiring keyboard input only and for Hewlett-Packard 9830/9862 

computer/plotters are also available.
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FIGURE CAPTIONS

Fig. 1: Example of standard-size plot,, From left to right, symbols are:

solid, 6-sided polygon; solid error-ellipse; error-cross; asterisk; 

solid error-rectangle; open 15-sided polygon; open error-ell ipse 0 

Dashed line is the Model 3 Yorkfit solution*

Fig. 2: Example of plot with arbitrary dimensions 0 All symbols are solid 

error-ellipses, dashed line is Model 1 Yorkfit solution.

Fig. 3: Example of small-size plot, photographically reduced from 5x7 in,

size to fit in a journal with 3 in. column-width. Symbols are open 

and solid 20-sided polygons, solid 3-sided polygons rotated to 270°, 

and crosses ("plus" symbol on keyboard).
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APPENDIX I   PRINTOUT OF PART 4 Of PROGRAM (INSTRUCTIONS)

INSTRUCTIONS FOR K.R. LUDWIG EP-9831/9872 GENERAL PLOTTING PROGRAM 
U.S. Geological Survey Ocen-File Kept. #79-1641

INTRODUCTION

This program is written for 30 HP-9831 computer with 12K words 
memory, and an HP-9872 plotter. Data may be entered either from the 
keyboard, or from data stored in a split-precision, 50X35 array as 
created by the K.R.L. data-file program (U.S.G.S. Open-File Kept. # 
79-1434) . X- and Y-axis labels may either be taken from the parameter 
names defined in the data-file, or keyboard-input. Data-points may 
be plotted using a variety of symbols, including open/solid plygons, 
error-boxes, error-crosses, or error-ellipses. Errors and error- 
correlations may be input either from a data-file, or from, the key 
board, even if the data are from a data-file. Plot-size and relative 
dimensions may be adjusted by the user over a wide range without   
distortion of symbols. Once plotted, a least-squares regression line 
may be calculated and plotted, using the standard or one of two 
modified York-type algorithms. Isochron ages and errors for most 
isotope-ratio plots (including 207-Pb/204-Pb vs. 205-Pb/204-Pb) may 
be calculated from the rear ess ion-line data.

DISPLAY RESPONSE

DATA FROM TRACK, FILE*? If you wish to plot data from a data- 
file, enter the track and file numbers 
of that data-file. If data are to be 
entered only from the keyboard, enter
a s p ac e .

SIZE: 1=STD, (2)-SMALT. 3=IN3TR.? Enter 1 for a plot scaled 
to fit on a ho r i z on t a1, 3 x 10.5 in. 
sheet of paper; enter 2 for a smaller 
plot expressly scaled for reproduction as 
a 35mtri transparency or journal-figure 
(or -2 for a plot with arbitrary size 
but relatively larger labels and symbols) 
enter 3 to obtain a printout of these 
instructions. Any other number permits 
the user to adjust the size of the plot, 
using the P1-P2 controls of the plotter.



X-AXIS (NAME OR PARAMETER #? If data are to be taken mainly from 
a data-file, enter the parameter number 
of the X-axis data. Otherwise, 
enter a label from the keyboard. If you 
wish all numerals of the label to be 
superscripts, enter ~ as the first 
character of the label (e.g., "87Rb/86Sr). 
If you wish the numerals to be subscripts, 
enter an asterisk (*) as the first 
character (e.g., *A1203).

Y-AXIS (NAME CP PARAMETER =S) ? Same input as for X-axis.

X AND Y LIMITS? Enter 4 values: X-riN, X-MAX, Y-MIN, 
Y-MAX, to define the limits of the plot

I\ list summarizing the symbol options now appears as printout.

An input of will restart the plot set-up part of the program

An input of 'p' or 'p ' will permit any regular polygon of any orien 
tation to be used as a plot ting-sy irhc] . The later 'ROTATION' request 
asks for the angle in deqrees (3 o'clock=0 degrees, 12 o'clock = 90 
degrees) of a vertex of the Dolyqcn, 'SIZ?;' request asks for relative 
size of the polygon. Value? of 2 to 3 are most useful. Size is 
proportional to the number entered. P gives solid, p open symbols.

An input of 'e'or'E' 
as plotting-symbols.

will give or: en or solid e r ror-rectang les

An input of 'c' or 'C' will 
plotting-symbols. You will 
of the X and Y errors (0 if

give open or solid error-ellipses as 
need to know the correlation-coefficient 
uncorrelated).

An input of will give error-croses as plotting symbols.

An input of 'L' or '!' will permit you to letter any statement 
anywhere on the plot. The subsequent 'SIZE (.5-2), (ANGLE), (SLANT)?' 
display requests a number defining the relative size of the letters 
(0.5 to 2 is the most useful range); the angle of the line along which 
the phrase is to be lettered, in degrees; and the slant of the 
letters (also in degrees). Note that input of the latter two 
parameters is optional   only the letter-size parameter, or the

lo



letter-size plus line-angle parameters need be ente 
display will'be, 'POSITION PErt. (LIVC KEYFOARD) ' . 
you may position the plotter-pen by using the four 
the top of the keyboard. DO NOT PPeSS A CHARACTER 
acter will be immediately printer* en the plot. Pres 
when the pen is positioned correctly. Then type in 
be lettered, and press the 'EXFCDTC' key. To have 
on successively lower lines, include the two-charac 
wherever you wish the lettering of: the phrase to be 
line lower than before, startinq just below the fir 
the phrase. If the three-character symbol '+/-' is 
phrase, it will appear as a '+' over a '-' symbol, 
drafted, and will occupy one character space.

red. The next 
At this point,

'arrow' keys at
KEY, or the char-
s the STOP key- 
the statement to

the phrase lettered
ter symbol '//' 
repositioned one

st character of 
included in the

as is usually

An input of 'A' or 'a' will result in the calculation of an isochron 
age from a just-calculated YorkEit slope. Enter the appropriate 
decay constant (in units of reciprocal years) when requested. How 
ever, if the plot is 207-Pb/204-Pb vs 20o-Pb/204-Pb, a 207/206 age 
will be calculated using the IUGS decay constants (207 and 204 must 
appear in the Y-label and 206 c'-.nd 204 in the X-label).

An input of 
in the order

will resuIt 
that they were

in a line connecting the data-points, 
entered.

Any other UPPEF CASE keyboard symbol may also be used as a plotting- 
symbol (such as X, *, -f , 0) . Lower-case symbols and other asymmet 
rical characters will not be plotted accurately, however.

DISPLAY RESPONSE

X, (ERR,) Y (,ERR) ( ,CORRFLATlOtf) ? If keyboard input, the data for
each point may be entered as just the 
X and Y values, (2 values separated by 
a comma), as the X and Y values together 
with their errors (X, X-error, Y,Y-error) 
or as the X and Y values together with 
their errors and with error-correlations 
(X, X-error, Y, Y-error, error-correl.). 
If error or error-correlation infor 
mation that was not entered is needed 
for later plotting or Yorkfit purposes, 
it. will be reauested later.

If the data is to be input from a data- 
file, input a asterisk followed by the 
number(s) of the sets to be plotted.



An input of *0 will input set 8, whereas
en input of *9,42 would input sets 9
through 42, inclusive, from the data-file
in in error y. If you wish to change
the- data-file in memory, input 'DF ' or
'df ' and the display will request the file
nurr.be r of the new data-file.

When all data for the particular plot- 
tine-symbol has been entered, enter 
a r: r- a c e.

?EDIT ENTRY#? (0 IF OK)? If your data was input correctly,
enter 0. If corrections are necessary, 
enter the number of the set to be edited.

DATA TO BE RETA1NEL (1=YBS)? If you wish the just-plotted data to
tx combined with subsequently input data 
(perhaps with different plotting symbols) 
foe a later Yorkfit, input 1. Other 
wise, input ar.v other number.

X-ERFORS, Y-ERROPS (LAST BLOCK) This display appears if required
error-information has not been entered. 
bor keyboard error-input, enter the 
X- and Y-errors, separated by a comma. 
If the errors are stored in the data- 
file, however, input an asterisk, 
followed by the parameter numbers of the 
X- and Y-errors (e.a., *10,15).

NOTE: ALL ERRORS MUST t,E INHU'J IN PERCENT AMD, EOR YORKEIT INPUT, 
AT THE 2-S1GMA LEVEL.

ERROR-CORRELATION (LAS'1 BLOCK)? Similar response to above. 

NAME EOF THIS DATA SET? Enter a name for the Ycrkfit printout

R E MA R K S 0 L\T Y 0 P K F L J SOLUTIONS

IZ



The Yorkfit routine may be done in three ways. The first 
solution (York's original algorithm) weights the points according to 
their analytical errors, and calculates the best-fit line and errors 
assuming that the only cause of scatter from a straight line is 
analytical error. However, this may not be realistic if the 
calculated probability (from the comparison of the sums of the 
squares of the residuals (SUMS) with the degrees of freedom) is low. 
This probability corresponds to how often one may expect the data, 
with their associated analytical errors, to give the observed 
amount of scatter. If this probability is less than 30%, the 
Yorkfit will be redone by assuming either equally-weighted 
points with zero error-correlations (model 2), or by assuming that 
the cause of the excess scatter is due to an additional variance in 
the Y-parameter (model 3). The model 2 solution assumes only that 
the cause for scatter has a normal distribution. Model 3 corres 
ponds to the variable initial-ratio problem of Rb-Sr isochrons. The 
model 3 solution will be calculated whenever the Y-axis name in- 
includes tha characters 87Sr/86Sr, 143Nd/144Nd, 206Pb/204Pb, or 
207Pb/204Pb when the X-axis is not 206Pb/204Pb. The solution will 
also calculate the most probable value of the standard-deviation of 
the initial Y. If the model 1 probability is greater than 30%, only 
the model 1 solution will be solved. If the probability is between 
1% and 30%, the user can choose which solution to use. If the 
probability is less than 1%, only the model 2 or 3 solution can be 
used (for plotting of the best-fit line and for later isochron-age 
solutions). If a model 2 solution is obtained when a model 3 so 
lution is desired (or vice-versa), the correct model-solution can 
be obtained by executing 'SFLAGl' before running the program.

13



APPENDIX II -- LIST OF PART 1 OF PROGRAM

COM AI [50,18] ,CI[35,13] ,DS [ 50 , 35] ,I 2,M,E$[80]
REM PART 1 (SET-UP PLOT) OF K.F LUDWTG GENERAL PLOTTER PROGRAM
REM U.S.GEOLOGICAL SURVEY OPEN-FILE REPT. #79-1641
DIM A$[38] ,E$[25] ,F$[25] ,V [50] ,XS[50] ,YS[50] ,PS[50] ,I$[14] ,J$[14]
DIM QS[50] ,US [50] ,MS[50] ,ZS[50] ,RS [50] ,T$ [45] ,Z$[12] ,H$[25] ,TS[50] , SS [50]
Din ES[50],NS[50],FS[5U],G$[1],II[4,2]
Z$="0123455789 11
DEC
F1=H1=L1=L2=0

REM TRACK #5 _ I(n,2) - AND FILE #S - I(n,l) - OF PROGRAM SEGMENTS
REM FOR I(k,n), k IS TF G SEGMENT #
I[l,l]=0
I[l,2]=l
I[2,l]=0
I[2,2]=2
I[3,l]=0
I[3,2]=3
I[4,l]=0
I[4,2]=4
SLANT 0
GOTO 580
FIXED 0
RETURN
FIXED 1
RETURN
FIXED 2
RETURN
FIXED 3
RETURN
FIXED 4
RETURN
FIXED 5
RETURN
DEF FNA(X)=INTLGTABSX
DEF FNP(X)
G=10"FNAX/8
IF ABS(X/Q) <= 12 THEN 400
Q=2*Q
GOTO 370
A=ABSQ/10*FNAQ
IF A=INTA THEN 430
Q=INTA*10'S FNAQ
RETURN C
DEF FNF(X)
S=E=0
N = X
N=10* (ABSN-INTAKSN)
IF N=0 THEN 520
S =
E =



510 GOTO 470
520 RETURN S
530 OFF FNK(X) = 1+ (X#INTX)+(ARSX >--= 1)*FNA(ABSX+ NOT X)+FNFX
540 DEF FNU(J)=J + FOS (T$," ,")
550 DEF FNC(I)=POS (Z$ ,A$[I , I] )
560 DEF FNQ(I)=FNC1* (LEN(A$)=1) OR FNC1*HJC2* (LEW(A$)=2)
570 DEF FNJ(X)=-( NOT X) - (Xfr 0 ) * (FNKX + J-FNFX+(X = IN'I X) * (J#0) )
580 B$=" "
590 DISP "DATA FROM TRACK!!, FILE*";
600 INPUT T$
610 IF T$ = " " THEN 640
620 IF NOT POS(Z$ [1,2] ,T$ [1,1] ) OP NOT POS(Z$,T$ [FNU1,FNU1]) THEN 590
630 LOAD DATA #VAL(T$),VAL(T$[FMUl])
640 IF B$=" " THEM 670
650 PRINT LIN1,B$ ,LINl, I2"SETS, "['"'PARAMETERS DEFINED"LIN2
660 FIND U[2,1],1[2,2]
670 DISP "SIZE: 1=STD, (2)=SMALL, 3=INSTR.";
680 INPUT F
690 IF F#3 THEN' 710
700 LINK 31 [4, 1] ,1 [4 ,2]
710 B= (ABSF = 2)
720 IF Fn AND Ft 2 THEN 740
730 MAP B*1500,1E + 04-3*1500,1125*15 ,7500-B*1125
740 GOSUB 760
750 GOTO 1190
760 DISP "X-AXIS (NAME OR PARAMETER #" ;
770 INPUT A$
780 E$=A$
790 IF NOT FNGO THEN 870
800 L1=VAL(E$)
810 IF LI >= 1 AtiD LI <^ M TliEN 840
820 GOSUB 2260
830 GOTO 760
840 TRANSFER C[L1,1] TO A$
850 GOSUE 1000
860 E$=A$
870 DISP "Y-AXIS (NAME OR PARAMETER #) " ;
880 INPUT A$
890 F$=A$
900 IF NOT FMQO THEN 980
910 L2=VAL(F$)
920 IF L2 >= 1 AMD L2 <= U THEN 950
930 GOSUB 2260
940 GOTO 870
950 TRANSFER C [1,2,1] '.CO A$
960 GOSUB 1000
970 F$=A$
980 RETURN
990 REM SPACE-TRIM ROUTINE FOR DATA-FILE PARAMETER NAMES
1000 I$=A$[14,25]
1010 H$=A$ [1,13]
1020 J$=I$
1030 GOSUB 1110
1040 I$=J$

is-



=1$

" THEN 1150 
THEN 1180

THEN

DIGITS IN TIC LABF.LS

GOSUB 1110
A$=J$
A$[1+LFN(A$)
A$[1+LEN(A$)
RETURN
IF J$[1,1]F'
IF LFN(J$)=0
J$=J$ [1+POS (J$,"
GOTO 1110
IF J$[LEM(J$) H"
J$=J$[1,LEN(J$)-l]
GOTO 1150
RETURN
DISP "X AND Y LIMIT?";
FIND #1 [2,1] ,1 [2,2]
INPUT A1,B1,A.2,E2
PFM CALCULATE TIC INTERVALS, f'AX
C5=(B1-A1)
D5=(B2-A2)
I,=Bl4C5/25
A8=FMBC5
A5=FNBD5
FOP Y = A2 TO L2 STEP 2*f>5
IF ( (Y<0)+FNKY) <P1 THEN 1310
Pl= (y<0)+FNKY
NEXT Y
FOP x=Al TO HI STEP 2*A8
IF ( (X<0)4-FNKY) <H1 THEN 1350
R1=(X<0)+ENKX
NEXT X
REM CALCULATE PLOT
WRITE (705,*)"OP"
ENTER (705,*)X1,Y1,F2
S2=S2-X1
H2=P2-Yl
P=H2/S2
P9 = P*(P <= 1) * (0.85* (!<2<750J) +O.G5* (F2 >= 7 500 ) *S2/7 500 )
P9 = P9+(P>1)* (0.85*(S2<7500)+0.65* (S2 >= 7500)*H2/7500)
F3=1.9/P9 + 1.3* (B+ (SOF(S2"24-^2"2) <6000) )
F4=1.5/P9+(B+(SOP (S2'V 2+M2"2) <6300) ) /2
F = P* (F3* (0.6+(POS(E?[ 1,1] ," "") CF: PCS (t $ [ 1, 1 ] ," *" ) )/3 ) 4P1*F4 )/54
P3=(A1-L*F)/(1-F)
F= (F4 + F3* (0.8+(POS(E$[1,1] ,""")+PC?(F$[1,1],"*"))/3) )/43
P7= (A2-B2*F)/(L-F)
SCALE P3 ,L,P7,B24-D5/13
REM DRAW PLOT-BOX
WRITE (705,*)"TL.5"
XAXIS A2,A8,A1,R1
WRITE (705,*)"TLO,.5"
YAXIS B1,A5,A2,B2
WRITE (705,*)"TL.5"
YAXIS A1,A5,A2,B2
WRITE (705,*)"TLO,.5"

DIMENSIONS & ROOM PEOUIRFD FOR LAPELS

P2

16
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2130
2140
2150
2160
2165
2170
2180
2190
2200
2210
2220
2230
2240
2250
2260
2270
2280

NEXT I
RETURN
FIND t
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
LINK *
PRINT
RETURN
END

I
it
"
it
ii
ii
ii
11
H
ii
it

I

[2,1
DATA
/-:

L

E/e
C/c
»

P/p**

L/l
A /a
-f *
[2,1

LIN2"

1 ,1 [2,2]
S Y MB 0 L / COD E 0 P T I ON ? " L I N 2

TO r> rn P v T v p / PPPP aw PT PIT F'PiY"I \J 1% L .  U J. . r 1 L\ r - / r~ I * L' Fi t* V r LJ L/ 1 L   \J A

--   SOLID/OPEN EPROP-RECTANGLE"
    SOLID/OPEN CPROR-ELLIPSE"

E' TL O ^ i T3 /^" O f vi C C ", JKhUH L.KUr->,S

    SOL ID /OP EN POLYGON"
____ LJNE CONNECTING PLOTTED POINTS"

--   TO LETTER ON PLOT"
-    TO CALCULATE AN ISOCHPON AGE"
X ANY OTHER KEYFOARD SYMBOL V.ILI, PLOT AS INPUT"LINl
] ,1 [2,2]
CNLY"n" PARAMETERS DEFINED IN THIS DATA-F I LE"LI N2



APPENDIX III   LIST OF PART 2 OF PROGRAM

10 REM FART 2, GENERAL PLOTTER, U.S. GEOLOGICAL SURVEY OPEN-FILE REPT. 179-1641
20 GOTO 130
30 DEF FNU(O)=J+POS(T$ , " ," )
40 DEF FNP(J)
50 IF FNUO THEN 70
60 T$ (H-LEN(T$) ]=" ,0"
70 A$=T$
80 T$=T$[FNU1]
90 IF POS(Z$,A$[J , J]) THEN 110
100 RETURN 0
110 RETURN VAL(A$[J])
120 DEF FNO(F) =Y[I] -f (-B3*X+F*SQPFl) /(2*S3)
125 LOAD #I[1,1] , I[l,2]
130 Z$="-.0123456789"
140 PLOT B1,B2,1
150 K=l
160 N=0
170 STANDARD
180 A$ = "(JLlAa's ppEeCc.+*"
190 DISP "DATA SYMBOL OR CODE";
200 INPUT 0$ [1, 1]
210 G = POS(A$,G$ [1,1])
220 GOTO G OF 125,2380 ,2 380 , 265J,2650,1330,1290,1290
230 PRINT "USE * PREFIX EOF DATA-FILE S E'l INPUT"LINl
240 PRINT 11 ENTPY$"TAB8"SE'H I"IAE16?K$ [1, 10] ;TAB28"% ERR" TAB 4 4 ; F$ [ 1, 10] ;TAB56;
250 PRINT "% ERR"TA.B65; "CCRR"LI^2
260 REM DATA-INPUl
270 GOSUE 290
280 GOTO 330
290 DISP "X,(ERR,) Y , (EPR ,) (CORBELAT10N) ";
300 FIND #1[3,1] ,1[3,2]
310 INPUT T$
320 RETURN
330 IF T$=" " THEN 1210
340 IF T$ [1,1]="*" 'IHEN 580
350 IF POS(T$,"Dt") OR POS (T$ ," d£" ) THEN 500
360 PEM KEYBOARD DATA-INPUT ROU'JIKE
370 I=N = 1-HN
380 GGSUB 400
390 GOTO 270
400 X[I]=FNP1
410 IF FNUO#0 THEN 440
420 U[I]=0
430 GOTO 450
440 U[I]=FNP1
450 Y[I]=FNP1
460 S[I]=FNP1
470 R[I]=FMP1
480 PRINT I;TAB16;X [I] ;TAt28;U |I] ;TAH44;Y [ I ] ;TAPS 6;f [ I] ;TAB 65?R[I]
490 RETURN



500 1$=T$[3]
510 DISP "DATA FRO!-' TRACK?, FILE ft";
520 INPUT T,F
530 LCAD DATA £T,F
540 PRINT LINl,f5$ ,LIIv 1, I 2 " ? E rIS , "P." PA RA^F/1 El S DEF INFD "LIN2
550 GOTO 270
560 GOTO 230
570 REM DATA-FILE DATA-INPUT KCU'IINF
580 T$=T$[1+POS(T$,"*")]
590 IF T$ = "0" THE'N 1210
600 S1=FNP1
610 S2=FNP1
620 S2=S2+S1* NOT S2
630 S1 = S1*(S1 >= 1)*(F1 <= 12) +(PKL)+12* (Sl>12)
640 S2=S2*(S2 >= 1)*(F2 <= 12) + (P2<1)+12*(82>I 2)
650 N=1+N+R2-S1
660 FOR 1=N-(S2-S1) TO N
670 Z[I]=I-N+S2
630 GOSUE 700
690 GOTO 750
700 X[I]=D[Z[I],L1]
710 Y[I]=D[Z[I],L2]
720 I) [I]=S [I] = P[I] =0
730 PRINT I ;TAE8;Z [I] ;TAD16;X[1] ;1AP44;Y[I]
740 RETURN
750 NEXT I
760 PRINT LINl
770 G010 270
780 GOSUE 2050
790 IF A=0 TFiEN 81U
800 GOSUE 1010
810 IF GI10 ANE Gfll 01- J=0 TK'KN R3 1 )
820 GOSUP. 2120
830 FOR I=K TO N
840 IF (X[I] >= A1)*(X[I] <= P1)*(Y[I] >= A2)*(Y[I1 <= B2) TliEN 870
850 PRINT "SET" I "LIES OUTRIDE FtO'i LIMI1 S "LINl
860 GOTO 970
870 PLOT X[I] ,Y [I] ,1
880 GOTO G-6 OF 1320,1320,1590,1590,1590,1590,1590,940,940
890 REN KEYPOARD-SY^PCI OATA I-IG'rTING
900 LABEL (*,1.1+R/2 , 1 , 0,P)
910 CPLOT -1/3,-1/4
920 LABEL (*)G$ [1,1];
930 GOTO 970
940 LABEL (* ,3 * (1 + B)/2,1.7,0,P)
950 GOTO 910
960 PEN
970 NEXT I
980 PLOT B1,B2,1
990 GOTO 1870
1000 PEM EPROR-INPUT
1010 DISP "X-ERRORS, Y-EPROPS ([ A J"J' FLOCK)";
1020 INPUT fl$
1030 IF T$ [1,1] = 11 * 11 THEN 1110

20



1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
1510
1520
1530
1540
1550
1560
1570

F=FNP1
F4=FNP1
FOP I=K TO N
U[I]=F
S[I]=F4
NEXT I
FFTURN
Pl=FNF2
P2=FNP1
IF PI >= i AND n
GOSUB 2960 
GOTO 1010

I=K TO N

i>2 >= 1 AND P2 <= M THEN 1160

(0 IF OK)

S[I]=D[Z[I],P2]
NEXT I
PE1UPN
PFINT LIMl
DISP "7EDI1 ENTFYS?
INPUT I
GOTO NOT I*(1+(G>8)*(G<14)) Of 830,780
GOSUb 290
GOSL'B 400
GOTO 1210
FENi POLYGON-SYPPGL PLO'l ROUTINE
DISP "# SIDES, POTATION, SIZE (1-10)";
INPUT L3,A9 ,S3
GOTO 230
FOR U=0 TO (S3>2.5)+50*(G=7)
A7 =(L-F3)*(S3/340-U/900)
IF A7<0 TI'EN 960
FOR J=A9 TO A9+360 STEP 360/L3
PLOT X[I]+A7*COSJ ,Y[I1+A7*SINJ*(B2+D5/13-F7)/(P*(L-P3))
NEXT J
NFXT U
GOTO 960
FEM EPROF-ELLIPSF PIOT HCU'JINE
U=1-P[I] "2
E3=-2*R[I]/(P[I]*CII]*U)
S3=1/(U*0[I]"2)
FOR J=l TO 1+(G=11)
FOR F=-l TO
F4=-F*P[I]

1 STEP 2
1 + INT (600*P[I] /(L-P3) 

FOP X=F*P[I] TO -F*P[Il+F4/2 S1EP 
F1=(B3*X) ^2-4*S3* (X*X/(U*P[I] "2)- 
F1=F1* (Fl>0) 
PLOT X[I]+X,FNCF 
IF J=l THEN 1540 
F=-F
PLOT X[I]+X f FNGF 
NEXT X
IF J=2 THEN 960 
NEXT F 
NEXT J

F4

Zl



*c .1] THEN 1620 
AND ERRORS MUST

1410,1410, 1770

GOTO 960
IF X[I] *U [I] *Y[I]
PRINT L1N2"VALUES
GOTO 190
P[I] =X[I]*U [I] /100
0[I]=Y[I]*S[I1/100
GOTO G-8 OF 1660,1660.
REH ERROR-BOX PLOT ROUTINE
I PLOT -P[I] ,0[I]
IPLOT 0,-2*Q[I]
IPLOT 2*PfI],0
IPLOT 0,2*Q[I]
IPLOT -2*P[I],0
IF G=10 THEN 960
FOR J = l TO 3210*P [I]/(L-P3)
IPLOT (J/2=INT(J/2) )*(L-P3)/aOO,Q[I]*2*SIN(90* (J-2)
NEXT J
GOTO 960
REM ERROR-CROSS PLOT ROUTINE
IPLOT 0,011]
I PLOT 0,-2*Q[I],-1
IPLOT -P[I],C[I]
IPLCT 2*P[I],0,-1
GOTO 970
REM PLOT LINE THROUGH DATA-POINTS ROUTINE
FOR 1=1 TO N
PLOT X[I],Y[I]
NEXT I
GOTO 140
IF N<2 THEN 1930
DISP "YORKFIT? 1=YES";
INPUT F
IF F#l 1HEN 1930
GOSUB 1990
GOTO 2360
DISP "DATA TO EE RETAINED? (1=YES)";
INPUT J
IF J#l THEN 150
GOSUB 1990
K = H-N
GOTO 180
GOSUB 2050
IF A=0 THEN 2020
GOSUB 1010
IF J=0 OR G = ll OR G=12 THEN 2100
GOSUB 2120
RETURN
A=J=0
FOR I = K TO N
A=A+ NOT U [!] »  NOT S[I]
J=J+ N01 R[I]
NEXT I
RETURN
REM ERROR-CORRELATION INPU'l ROUTINE

BE NONZERO FOR THIS PLOT SYMBOL"LIN3

27.



2120
2130
2140
2150
2160
2170
2180
2190
2200
2210
2220
2230
2240
2250
2260
2270
2280
2290
2300
2310
2320
2330
2340
2350
2360
2370
2380
2390
2400
2410
2420
2430
2440
2450
2460
2470
2480
2490
2500
2510
2520
2530
2540
2550
2560
2570
2580
2590
2600
2610
2620
2630
2640
2650

DISP "ERROR CORRELATION (LAST BLOCK)";
INPUT T$
IF T$[1,1H"*" THEN 2280
F4=FNP2
IF F4 >= 1 AND F4 <= H THEN 2190
GOSUB 2960
GOTO 2120
FOP I=K TO N
F=D[Z(I] , F4]
IF F >= -1 AND F <= 1 THEM 2250
PRINT LIN2"CHECK PARAMETER £     "?
PRINT "EKR. CCRR. RJS1 BE BETWEEN -1 & l."LIN3
GOTO 2120
R[I]=F
NEXT I
RETURN
F=FNP1
IF F<-1 OR, F>1 THEN 2230
FOR I=K TO N
R[l] =F
NEXT I
RETURN

IF F$l THEN 170
LINK n [3,11,1(3,2]
R.EM LETTERING ROUTINE
DISP "SIZE (.5-2), (ANGLE), (SLANT)";
INPUT 1$
F=FNP1
S1=FNP1
S2=FNP1
SLANT S2
LABEL (* , F* F3 , 1 . 7 , S 1 , P)
DISF "POSITION PEN. (LIVE KEYBOARD"
LETTER
DISP "INPUT STATEMENT EOF LET'l EF.ING " ;
INPUT T$
00=0
FOR 1=1 TO LFN(T?)
IF T$ [I, 1 + 2] #" + /-" THEN 2550
WRITE (705,2800)
0.0=1+00
1=3+1
IF T$ [I ,1+IH"//" THEN 2590
CPLOT -00, -1
00=0
1=2+1
LABEL (*)T$ [1,1];
QO=1+QO
NEXT I
SLANl 0
GOTO 150
REM ISOCHRON-AGE CALCULATION
IF POS(E$,"206") *POS (F$ , " 204 " ) *PGS ( F$ ," 207 ") *POS (F $ , " 204 " ) THEN 2750

23



2660 DISP "DECAY CONSTANT - (1/yr)";
2670 INPUT A
2680 D=1E-06*LOG(1+0)/A
2690 S3=1E-06*P2/(A*(1+Q))
2700 PRINT "MODEL"10;"ISOCHRON AGE =";
2710 FORMAT F8.2," + /-" , F8 . 2 , " M.Y. (DECAY CONST. =" , Fl 1. 4 , "/YP ) "
2720 WRITE (2,2710)0,S3 r A
2730 WRITE (2 r 2790)
2740 GOTO 140
2750 Hl=l
2760 D=FNZQ/1E+06
2770 S3=H1* (FNZ(0+P2)-FNZ (Q-P2) ) /2E + 06
2780 GOTO 2700
2790 FORMAT / , 90"-",/,/
2800 FORMAT "UC-99 , 0,0,99 ,4,0,-99 ,-2,9,99,0,-6,-99,-2,3,99 ,4,0,-99"
2810 PEM FUNCTION FOP 207/206 AGE CALCULATION
2820 DEF FNZ(Q)
2830 A=9.8435E-10
2840 C=1.55125E-10
2850 IF O0.0156 AND C<6.6 THEN 2393
2860 PRINT L IN 2" CANNOT CALCUL^TF. A 7/6 AGE FOF 7/6="Q,LIN2
2870 Hl=0
2880 PETURN 0
2890 S=3E+09*(SGN(-1/2+(O>A/(C*137.88)))+(0>0.7))
2900 F= (C/A)*EXP(S*(C-a))
2910 E=LOG (1+(EXP (S*C)~1-F* (F.XMS * A )-1) ) / (I/(137 . 88*0)-F ) )/A
2S20 IF ADS(E-S)<IOOO THEN 2950
2930 S=E
2940 GOTO 2900
2950 PETUPN E
2960 PRINT LIN2"**** PAP.Af-'ETI'P NU^EF:PS riJSI EV BEVvEEN 1 AND" M" ** * * "LIN 3
2970 PETURN
2980 END



APPENDIX IV   LIST OF PAFT 3 OF PROGRAM

10 RCM PART 3, YORKFIT ROUTINE, K.P. LUDlvIG GENERAL PLOTTEP
20 REF- U.S. GEOLOGICAL SURVEY OPEN-FILE PE'PT. #79-1641
30 Y5=POS(F$,"87Sr/86Sr H )+POS(E$,"143NC/144Nd " )+POS(F$ , "206Eb/204Pb")
40 Y5=(Y5+ NOT POS(R$ , "206Ph/204Pb")*POS (F$, "207Ph/204Pb")10)
50 GOTO 300
60 DEF FNT (N)
70 C = I = 1
80 A=(N/2=INT(N/2))
90 IF (N-2)/2-I-A<l/2 THFN 130
100 C = C* ( (N-2)/2-I)
110 1=141
120 GOTO 90
130 RFTUPN C*(H- NOT A* (SC'PPl-1) )
140 DEF FNS(K)
150 U = l
160 FOR 1=1 TO K
170 U = U* (N-2 + 2M)
180 NFJX'l I
190 PCTUPN U
200 DEF FNP(S)
210 Tl=T2=0
220 FOP K=l TO 100
230 IF K*LGTS<100 THEN 250
240 EE1URN -1
250 Tl=Tl+(S"K)/FNSK
260 IF (T1-T2)<1E-05*'J'1 THEK 29J
270 T2=T1
280 NEXT K
290 RETURN Tl
300 DISP "NAMF FOP THIS DATA S F'l " ;
310 INPUT A$[l,38]
320 STANDAFD
330 PRINT PPA6"««««««««««« YOFKFIT »»»»»»»»»»»" LIN2
340 PRINT TAE5"SAMPLE DATA: "A$,LIN1
350 PRINT "X = "F$,TAP(5+LFN(F$)),"Y = "F$
360 PRINT LINl"** ERFOFS AFE 2-SICN'A **"LIN2
370 PRINT "SETr'TABl2;"X" ;TAt'24"% F F;R "TAP3 6 ; " Y" ;TAE48 " % ERR" ;
380 PRINT TAB61"COPRELATION"LlNl
390 13=10=19=0
400 0=1
410 11=0
420 S3=0
430 Q=S3
440 11 = 1-1-11
450 IF Il>10 THEN 2310
460 IF NOT Y5 OP NOT 13 THEN 490
470 DISP "ITFR."I9+Il/10"riODEL 3 "P-N'+2
480 GOTO 510
490 DISP "ITER. n Il ll MODFL ll l-H3;C
500 IF I1>1 AND NOT 13 THEN 730



510 FOR 1=1 TO N
520 GOTO NOT 13+2* NOT Y5 Or 610,570,610
530 N [I] = (Y[I]*S[I]/200) ~2
540 F[I]=R[I]*SOK(N [I] / (N [ I ] +? 8 ~2 ) )
550 Q[I] =1/(N[I] +S8~2)
550 GOTO 710
570 P[I]=1
580 cm=i/e~2
590 R[l]=0
600 GOTO 710
610 P[I] = (200/(X[I]*IJ [I] ) )~2
620 Q[I]=(200/(Ym*S[l] ) )~2
630 F[I]=R[I]
640 PFINT I;TAE9;X[I];TAB23;
650 FIXED 3
660 PRINT U [I] ;TAB33;
670 STANDARD
680 PRINT Y[I];TAB47;
690 FIXED 3
700 PRINT S [I] ;TABG3;K[H
710 STANDARD
720 NEXT I
730 S1=B5=P=S2=F=Z4=X1=Y1=0
740 FOP 1=1 TO N
750 M[I] =SQF. (P [I] *Q[I] )
760 Z[I]=P[I]*Q[I]/(C*0*Gm+f Ul -2*0*t UI^MII )
770 S1=S1+Z(I]
780 NEXT I
790 FOP 1=1 TO N
800 X1=X1 + Z [I] *X [I] /SI
810 Yl=Yl-fZ [I]*Y[I] /SI
820 NEXT I
830 FOR 1=1 TO N
840 U [I]=X[I]-XI
850 V [I]=Y[I]-Y1
860 B5=B5+(Z \I]~2)*( (U [I T 2)/Ql I ] - (V [ I ]"2)/F [1 ] )
873 D = D+(Z [I] "2) *(U [I] *V [I1/P[I] -F[I] * (U[I]"2) /^[II
880 Z4=Z4+Z [I]*U [I] *U [I]
890 S2=S2 + Z [I]*X [I ] *X[I]
900 E = E+(Z[I] /S 2)*(U[I]*V [I1/0[I] -t HI* (V[ir2)/M[Il
910 NEXT I
920 S3 = B5"2+4*n*F,
930 IF S3<0 THEN 2310
940 S3= (-B5-fSORS3)/(2*L)
950 FIND #1 [2,1] , I [2,2]
960 IF (ABS(S3-0)>ADS(F3/1F+04)) THFN 430
970 Q=S3
980 B5 =A 8 = A9 = Z 4 =B 1 =H 2 =S 2 =A =C = F =F 1 = 7,2 =Z 3 =A 5 = D = E =S =F 5
990 19=1+19
1000 IF I9>30 THEN 2310
1010 FOR 1=1 TO N
1020 S = S+Z [I]* (Vfl]-0*U[I]) "2
1030 NEXT I
1040 A7=Y1-C*X1

2.6



1050 IF NOT Y5 OF MOT 13 OK Y5 * (T.PS ( F-N+2 ) <0 . 01) THEN 1080
1060 S8=S8*FCF(F/(N-2))
1070 GOTO 410
1030 D1SF "CALCULATING ERFOFS"
1090 FOF 1=1 TO N
1100 N[I1 =Z [I] ~2*(0~2*V[I] A [I]-2*C-~2*P[I1*U[I]/M[I]+2*C*U[I]/C[I]-V[I]/Q[I])
1110 E[I1=Z [I]~2* (0~2*UU ]/P [Tl-2*C*V[ll/P[n-U[I]/C[I]+2*PlIl*V[I]/M[I])
1120 Z2=Z2+N[I]
1130 Z3=Z3+E[I]
1140 A=Z [I] "3* (F [I] *M[I1 -0*0(11 ) * (0*U (I]-V[I1 )
1150 C = U[I]/C<[I]+Q*V [I]/P[I] -F[I1 * (C*U[I] +V [I] )AUI]
1160 A5=A5+4*(A*C)/M[I]"2
1170 D4=2*Z [I]~2*(0*Q[I]-F[l]*n[I] )/(S1*M[I] ~2)
1180 D=D+D4*U[I]
1190 E=E+D4*V[I]
1200 B5=B5+Z [I] ~2*(b[ir2*( L/C [ I ]-2*Q*F [ I ]/M [I] )+V [I 1 * (2*Q*U [I ] -V [ I ] ) /P [ I ] )
1210 NEXT I
1220 FOR 1=1 1C N
1230 T[I] =N [I] -Z [I] *Z2/S1
1240 A8=A8+T[I]"2/F[I]
1250 E[I] =E[I]-Z [I] *Z3/S1
1260 A=D* (0*C*V[I ]/P[I]+2*C*U H 1/Q HI -V [I ]/C [II )
1270 A=A + F* (Q*C*U [I]/P[I]-2*0*V[I]/P[l]-U [1]/C[I] )
1280 A=A-2*F[I] * (0*0. *U [I] *D-V [I] *K) /t! [ I ]
1290 F1=F1 + Z [I] ^2*A
1300 A9=A9+E[I]"2/C[I]
1310 NEXT I
1320 D9=B5+A5+F1
1330 FOP 1=1 TO N
1340 F5=F5 + Z [I] ~2*(F [I]*M[I1 -0*CU1 )* (V[l]-C*i: [!])/(M[ll)"2
1350 NEXT I
1360 FOR 1=1 TO N
1370 F4=-Q*Z[I]/Sl+(2*r5/Sl-Xl) * (-T[I]/D9)
1380 F7=Z[I]/S1+(2*r5/S1-X1)*(-E[I]/D9)
1390 Z4=Z4+F4~2/P[I]
1400 H1=H1+T[I]*E[I]*fr[I]/M[I]
1410 H2=H2+F4*F7*F[I]/M[I]
1/^.or^ o o  ~ c* o _i_ n* *7 ^ o / c\ r T i

1430 NEXT I
1440 A=(N#2)*S/(N-2+(N=2) )
1450 F1 = SQR(Z4+S2 + 2*H2)
1460 B3= (SQF(A8+A9 + 2*K1) ) /F-9
1470 B5=B3*SGRA
1480 S1=F1*SQFA
1490 FIND #1 [2,1] ,1 [2,2]
1500 GOTO (I3#0)* (1 + Y5) OF 1690,1650
1510 DISP "CALCULATING CHI-SOU*FE SOLUTION"
1520 IF SfO AND ( (N>20) *(A<2. ^} +(N>7)*(A<3.9) + (A<16) ) THEN 1550
1530 F= NOT S
1540 GOTO 1570
1550 F=( (S/2)"( (N-2)/2) )*( (KXP(-S/2) )/FNT(N+2) )* (1 + FNRS)
1560 F=(1-F)*(F^O)
1570 10=1+ (F<0 .01) +(F<0. 05) + (FO .3)
1580 KPITE (2,1800)



1590
1600
1610
1620
1630
1640
1650
1660
1670
1680
1690
1700
1710
1720
1730
1740
1750
.1760
1770
1780
1790
1800
1810
1820
1830
1840
1850
1860
1870
1680
1890
1900
1910
1920
1930
1940
1950
1960
1970
1980
1990
2000
2010
2020
2030
2040
2050
2060
2070
2080
2090
2100
2110
2120

SCATTER DUE TO ANALYTICAL ERROR" 
INITIAL " F$" ** * * * "LIN1 

( 2-SIGMA) "LINl

PRINT "**MODEL 1 SOLUTION   ASSUMES ALL SCATTER DUE TO ANALYTICAL ERROR
I5=P2=L.96*E3
I4=P1=1.96*F1
02=0
A6 = A7
GOTO 1770
PRINT "*******MCDEL 3 SOLUTION  ASSUMES
PRINT "*********PLUS NORMAL VARIATION IN
PRINT LINT'CALC. VARIATION IN INITIAL "F$"="2*S8"
GOTO 1710
PRINT "*******nODEL 2 SOLUTION   ASSUMES EQUALLY WEIGHTED POINTS AND"
PRINT "*******NOPMAL DISTRIBUTION OF RESIDUALS"
RESTORE 2370
EOF 1=1 TO N-2
READ CO
NEXT I
P2=CO*B5
P1=CO*S1
PRINT LIN2,SPA 3 3"SLOPE"SI A i y"INTERCEPT:"
PRINT SPA33"-   "SFA19"-        "LIN2

PRI NT " BEST-FIT : " TAB 3 1, r. ; 'I A Bb 6 ; A 7
FORMAT 90 "-",/
Vt'P.ITE (2,1800)
IF 13 THEM 184U
PRINT "EPROR (1-S10MA, A HICF1) "TAB3 1, B3 ; TABS 6 ; F 1, L I Nl
PRINT "ERROR (1-SICMA, INCL . SCATTER) "TAB31,B5;TAB56;SI
PRINT LIN1"EFKOP (35% CONF. LI MI TS) "TAB31,P2;TAB56;Pi , LIM1
PRINT LINl,"COORDINATES OF CFNTROID: X = "Xl; " Y=" Yl , LINl
IF 13 THEN 1940
FORMAT "SUMS =",F7.1,"   fOLI.OWS CHI-SOUARF DISTRIBUTION ABOUT" , F3 .0 ,/
WRITE (2, 1880)S,N-2
FIND M[2,l] , I [2,2]
PRINT "THE OBSERVED SCATTER V\ILL BF CAUSED BY THE ASSIGNED ANALYTICAL"
FOF.MAT 15X,"FPROFS ALONE" ,F7 . 2 , " % OF 1FE TIME"
WRITE (2,1920)100*F
WRITE (2,1800)
13=1+13
IF 13=2 OF 10 <= 1 THEN 2000
IF NOT Y5 THFh 4.10
S8 = S1
GOTO 410
D=24Y5
IF IO>1 AND I0<4 THEN 2040
10= (10=1) 4D* (I 0 = 4)
GOTO 2070
DISP "MODFL 1 OR MODLL"D"SOLUTICN";
INPUT 10
IF 10fl AND lOflr; Tli!J\ 2310
0=02*(10=1)40*(I0=D OP 10=J)
A7=A6*(10=1)4A7*(IO=D OR IJ=0)
P2=P2*(IO=D OF. IU=0) 415*(IO = 1)
P1=P1*(IO=D OP 10=0) +14* (10=1)
LINE 5,8
DEE E'NX(Zl) =Q*Z14A7

**
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APPENDIX V   I I SI OF PAPT 4 OF PROGRAM

10 REM INS 
20 FIND #1 
30 PRINT " 
40 PRINT 1 
50 PRINT " 
60 PPINT 1 
70 PRINT " 
80 PRINT " 
90 PRINT " 
100 PPINT 
110 PRINT 
120 PRINT 
130 PP. I NT- 
140 PPIN'I 
150 PRINT 
160 PRINT 
170 PRINT 
180 PRINT 
190 PRINT 
200 PRINT 
210 PRINT- 
220 PRINT 
230 PRINT 
240 PRINT- 
250 PRINT 
260 PRINT 
270 PRINT 
280 PRINT- 
290 PRINT 
300 PRINT 
310 PPINT 
320 PPINT 
330 PRINT 
340 PPINT 
350 PRINT 
360 PRINT
370
380
390
400
410
420
430
440
450
460
470
480
490
500

PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT-
PRINT
PRINT
PPINT
PRINT

5TFUCTIONS PROGRAM, GFNFl^l PICTTEK 
-[1,1] ,1 [1,2] 
'INSTRUCTIONS FOR K.F. LUCtflG HP-9 83 1/987 2 GENERAL PLOTTING PROGRAM" 
:AB10"U.S. Gooloqical Survey Open-tile Kept. #79- 1641"LIN3
'INTRODUCTION "LI Ml"             "LIN2 
fABS'^his program is written for an HP-9831 computer with 12K words" 
'memory, and an HP-9872 plotter. Data may be entered either from the" 
'keyboard, or f rorr data stored in a split-precision, 50X35 array as" 
'created by the K.K.L. data-file program (U.S..G.S. Open-File Kept, ft" 
"79-1434). X- and Y-axis labels rray either be taken f roir the parameter 
"names defined in the data-file, or keyboard-input. Data-points may" 
"be plotted using a varietv of symbols, inducing cpen/solid plygons, 
"error -boxes , error-crosses, or error-ellipses. Errors and error-" 
"correlations may be input either from a data-file, or from the key-" 
"board, even if the oata are from a data-file. Plot-size and relative 
"dimensions may Le adjusted by the user over a wide range without" 
"distortion of symLcls. Once plotted, a least-squares regression line 
"may be calculated and plotted, using the standard or one of two" 
"modified York-type elgor i thn-s. Isochron ages and errors for most" 
"isotope-ratio plots (including 207-Pb/204-Pb vs. 206-Pb/204-Pb) may" 
"be calculatec from the regression-line data. "LIN3 

D I S P L A Y " T A F: 4 0 , " fc F; F PC N F F "
" " 1 A TV / .1 " " T 7 \ 9

1 f* D 4: U , 1   1 l\ Z

"DATA FRO!-' TRACK, F I LF, # ? "T AB3 1" I f you wish to plot data from a data-" 
TAB30"file, enter the track and file numbers" 
TAP30"of that data-file. If data are to be" 
TAE30 "entered only from the keyboard, enter" 
TAB30"a space. "L1N2 
"SIZE: 1=STD, (2)=SMALL, 3=INSTR.? Enter 1 for a plot scaled" 
TAB30"to fit on a horizontal, 8 x 10.5 in." 
TAB30"sheet of paper; enter 2 for a smaller" 
TAB30"plot expressly scaled for reproduction as" 
TAB30"a 35mm transparency or journal -f iqure" 
TAB30"(or -2 for a plot with arbitrary size" 
TAB30"but relatively larger labels and symbols);" 
TAB30"enter 3 to obtain a printout of these"
TAB30 " instruct ions. Any other number permits"
TAF:30"the user to adjust the size of the plot,"
TAF30"using the Pi-12 controls of the plot ter . "LIN2
"X-AXIS (NAME OR IAFAMFTFF ft? If data are to be taken mainly from"
TAB30"a data-file, enter the parameter number"
TAB30"of the X-axis data. Otherwise,"
TAB30 "enter a label from the keyboard. If you"
TAB30"wish all numerals of the label to be"
TAB30 "superscr irts , enter ~ as the first"
TAB30"character of the label (e.g., ~87Rb/86Sr ) . "
TAB30"If you wish the numerals to be subscripts,"
TAB30 "enter an asterisk (*) as the first"
TAB30"character (e.g., * A1203) . " LIN2
LIN2," Y-AXIS (NAME OF PARAMETER t ) ? " TAB30 "Same input as for X-axis."

30



510 PPINT LIN2"X AND Y LIMITS?"TAB30"Enter 4 values: X-MIN, X-MAX, Y-MIN,"
520 PRINT TA.E30 "Y-F'.AX, to define- the liirits of the plot."LIN3
530 PEINT "A list summarizing the syrrbol options now appears as pr intout."LIN2
532 PRINT "An input of '£' will restart the plot set-up part of the program. "LifcZ.
540 PRIN1 "An input of 'p' or 'p ' will permit any regular polygon of any orien
550 FPIN 1! "tation to he used as a plot ting-symbol. The. later 'ROTATION' recues
560 PF<INT "asks for the anq]e in degrees (3 o'clock=0 degrees, 12 o'clock=90"
570 PPINT "degrees) of a vertex of. the polygon, 'SIZE' request asks for relative
580 PPINT "size of the r-olyqon. Values of 2 to 3 are most useful. Size is"
590 PPINT "proportional to the numher entered. P gives solid, p open syirbols.
600 PRIN1 LIN2"An input of 'c'or'p' will give open or solid error-rectangles"
610 PPINT "as plottinq-symbol s."L] L\2
620 PRINT "An input of 'c ' or 'c will give open or solid error-ellipses as"
630 PP. INI "plot ting-syii'hol s. Ycu vsill need to know the correlation-coefficient
640 PPINT "of the X and Y orrorr (0 if uncorrelated)."LIN2
650 PPINT "An input, of '.' will give error-croses as plotting symbols. "LIN2
660 PRINT "An input of 'r 'or '!' will permit you to letter any statement"
670 PRIG'1 "anywhere or. the riot. 1 he subsequent 'SIZE (.5-2), (ANGLE), (SLANT)
680 PPINT "display recuests a nurher defining the relative size of the letters
690 PPINT "(0.5 to 2 is the most useful ranee); the angle of the line along which
700 PPINT "the phrase IP tc he lettered, in degrees; and the slant of the"
710 PRINT "letters (also in degrees). Note that input of the latter two"
720 PRINT "parameters is orticnal   only the letter-size parameter, or the"
730 PPINT "letter-size rlus line-angle parameters need be entered. The next"
740 PRINT "display will be, 'POSI'1 ION PEN. (LIVE, KEYBOARD)'. At this point,'
750 PRINT "you may position the rlotter-pen by using the four 'arrow' keys at"
760 PRINT "the top of the keyboard. DC NOT PFtSS A CHARACTER KEY, or the char-
770 PRINT "acter will he immediately printed on the plot. Rress the STOP key"
780 PPINT "when the pen is positioned correctly. Then type in the statement to
790 PRINT "he lettered, and cress the 'RXICUTF.' key. To have the phrase letter
800 PRINT "on successively lower lines, include the two-character symbol '//'"
810 PRINT "wherever you wish the lettering of the phrase to he repositioned one
820 PRINT "line lower than before, starting just below the first character of"
830 FPINT "the phrase. If the three-character symbol '+/-' is included in the"
840 PPINT "phrase, it will appear as a ' + ' over a '-' symbol, as is usually"
850 PRINT "drafted, and will occury one character space."LIN2
860 PRINT "An input of 'A' or 'a' will result in the calculation of an isochron
870 PRINT "age from a jus t -cal cul ateri Yorkfit slope. Fnter the appropriate"
880 PRINT "decay constc-nt (in units of reciprocal years) when requested. How-"
890 PRINT "ever, if the r-lot is 20 7-Pb/2 04 -Ph vs 20 6-P b/2 04-Pb , a 207/206 age"
900 PRINT "will be calculated using the IbCP decay constants (207 and 204 must"
910 PRINT "appear in the Y-lahel and 206 and 204 in the X-label)."LIN2
920 PRINT "An input of '"' will result in a line connecting the data-points,"
^30 PRINT "in the order that they were enterec . "LIN2
940 PPINT "Any other UPPER CA C E keyboard symbol IT ay also be
953 PPINT "symbol (such as X, *, + , 0). Lower-case symbols
960 PRINT "rical characters will not be plotted accurately,
970 PRINT "LISFLAY'"lAF: 40"HFSPONSh"LINl"        "TAP 40"--------"LIN2
980 PRINT "X, (ERR,) Y (,EPR) (,COFRELATION)? If keyboard input, the
990 PRINT TAB30"each point may be the"
1000 PPINT TAB30"X and Y values, (2 values separated by"
1010 PPINT TAE30"a comma), as the X and Y values together"
1020 PPINT TAB30"with their errors (X, X-error, Y,Y-error)"
1030 PRINT TAE30"or as the X and Y values together with"

used as a plotting- 
and other asymmet-" 
however."LIN3

data for"
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1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
1510
1520
1530
1540
1550
1560
1570

PPINT
PRINT
PPINT
PPINT
PPINT
PPINT
PPINT
PFINT
PPINT
PRINT
PP. I NT
PRINT
PPINT
PFINT
PPINT
PFINT
PPINT
PPINT
PFINT
PPINT
PFINT
PPINT
PPINT
PHI NT
PPINT
I P I NT
PPINT
PPINT
PFINT
PPINT
PPINT
PFINT
FFINT
PPINT
PFINT
PPINT
PPINT
PPINT
PPINT
PFINT
PFINT
PRINT
PRINT
PPINT
PPINT
PPINT
PPINT
PR I NT
PPINT
PPINT
PPINT
PPINT
PPINT
PRINT

TAB30"their errors arc with error-correlations"
TAB30"(X, X-error, Y, Y-error, error-correl.)."
'I AD 30 "If error or error-correlation in for- 11
TAE30"mation that wan net entered is needed"
TAB30"for Jater plotting or Yorkfit purposes,"
TAB30"it will \re requested later. "LIN2
TAB30"If the data it: to he input from a data-"
TAB30"file, input a asterisk followed by the"
TAB30"num,ter (s) of the sets to be plotted."
TAB30"An input of * 6 will input set 8, whereas"
TAB30"an input of *9,42 would input sets 9"
TAR33"t hrough 42, inclusive, from the data-file"
TAB-3 0" in memory. If you wish to chanqe"
TAB30"the data-file in memory, input 'DE ' or"
TAB30"'df' and the display will reouest the file"
TAP30"number of the new data-file."LIN2
TAB30"V»hcn all data for the particular plot-"
TAP 30 "t ing-symbol has been entered, enter"
1AB30"a space. "LIT, 3
"7EDIT ENTRY*? (0 IF OK)?"1AB30"If your data was input correctly,"
TAE30"enter 0. If corrections are necessary,"
TAP3G"enter the nurrfcer of the set to be edited. "LIN 3
"DATA 10 DE FF/JAINFF. (1 = YF.S)? If you wish the just-plotted data to"
TAB30"be combined with subsequently input data"
TAB30"(perhaps with different plotting symbols)"
TAB30"for a later Yorkfit, input 1. Other-"
TAB30"wise r input any other number."LIN3
"X-EPFCF-S, Y-ERFOFS (l*ST Hl.OCK) This display appears if required
TAB 30" er ror-inf or IP at i or has net been entered."
TAB30"For keyboard error-input, enter the"
TAP30">- and Y-errors, separatee by a comma."
lAE30"]f the errors are stored in the data-"
TAB30"file, hov.ever. input an asterisk,"
TAB30"followec by the parameter numbers of the"
TAB30"X- and Y-errors (e.a. r * 10,16) . "LIN2
"NOTE: ALL FPFOFS MUST BF INPUT IN
TAB8"AT THE' 2-SIGMA Ll-'VEI . "LIN'3
"EKPOP-CCPRELATION (LAST BLOCK)?
"NAME FOP THIS DATA S FT? " TAL'3 0 " ! nte r
L. IN 3 , T AP15" ! : E r A R K S 0 K YO FKF IT SC LU T J ON S " LI N 2
" The Yorkfit routine may be done in three ways. The first"
"solution (York's original algorithm) weiahts the points according to
"their analytical errors, and calculates the best-fit line and errors
"assuming that the only cause of scatter from a straight line is"
"analytical error. However, this may not be realistic if the "
"calculated probability (from the comparison of the sums of the"
"squares of the residuals (?thf) with the degrees of freedom) is lov;
"This probability corresponds to how often one may expect the data,"
"with their associate^ analytical errors, to give the observed"
"amount of scatter. If this probability is less than 30%, the"
"Yorkfit will be redone by assur.-ino either equally-weighted"
"points with zero error-correlations (model 2), or by assuming that"
"the cause of the excess scatter is due to an additional variance in
"the Y-parameter (node! 3). The model 2 solution assumes only that"

PE.FCENT AND, FOP YCFKFIT INPUT,

Similar response to above. "LIN2. 
a name tor the Yorkfit printout
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1580
1590
1600
1610
1620
1630
1640
1650
1660
1670
1680
1690
1700
1710
1720
1730

F P. ISN'T
PRINT
PPINT
PR INI
PRINT
PPINT
PPINT
PRINT
PRINT
PR INI'
PPINT
PRINT
PPINT
PRIN'I
LOAF ff
END

'the cause for scatter 
'ponds to the variable 
'model 3 solution will 
'includes tha charocte 
'207Pb/204Pb v;her the 
'also calculate the rrc 
'the initial Y. if the 
'the model 1 solution 
'1% and 30 ri , the user 
'probability is less t 
'used (for plotting of 
'solutions). If a mod 
'lution is desirec (or 
'be obtainec by execut 
: [1,1],III,2]

has a norirel distribution. Model 3 cor res-" 
initial-ratio problem, of Rb-Sr isochrons. The 
be calculated whenever the Y-axis name in-" 

rs 37Sr/36f-r, 143Nd/144No, 206Pb/204Pb, or" 
X-axis is net 206Pb/204Pb. The solution will* 
st probable value of the standard-deviation of 

n-ooel 1 probability is greater than 30%, only 
will be solved. If the probability is betweer 
can choose which solution to use. If the" 
har 1%, only the irodel 2 or 3 solution can be' 
the best-fit line and for later isochron-age' 

el 2 solution is obtained when a model 3 so-" 
vice-versa), the correct rrodel-solution can" 

ing 'SFL£G1' before running the prog ran*. "LIN 4

33


